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A receiver for an orthogonal 
frequency division multiplex 
radio signal in which a 
carrier frequency is 
modulated by sub-carrier 
signals (S1 ) coded with 
data. Analogue signal 
processing means (3 to 12) 
produces base-band 
analogue signals (l-Rx, Q- 
Rx) in phase quadrature 
and analogue-to-digital 
converters (13, 14) convert 
the analogue signals to 
phase quadrature digital 
signals (Xl(n), XQ(n)). The 
digital signal processor 
includes the OFDM 
demodulator (15) and 
mismatch compensation 
(17, 18) for combining each 
of the reproduced sub- 
carrier signals (Rl) 
according to a mismatch 
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coefficient (A(k)) with saB*$s?ie 
another of the reproduced 
sub-carrier signals (R-1 ) 

whose sub-carrier r ~ **** '"T ~ ~ ~ ~ ~ i£*;^£r^r — ^ 

frequency is symmetrical | V ^,,^J^^|. y 



therewith and 
compensating for offset (A 
fc) of the reference 
frequency relative to the 
carrier frequency. The 
mismatch compensation 
(17, 18) combines each of 
the reproduced sub-carrier 
signals (Rl) with a limited 
number of the reproduced 
sub-carrier signals (R-1 , 
Rk) according to respective 
values of the mismatch 
coefficient (A(k)) and 
according to a respective 
frequency offset coefficient 
(Al, k) that is a function of 
an estimated value of the 
offset (A fc) of the reference 
frequency relative to the 
carrier frequency. The 
mismatch of the l/Q 
channel components is * 
compensated over a much 
wider range of offset 
frequencies as a result. 
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# # « ^ - * jE 5l ^ m £ i & Me. € ft # *t If ' * t 
- a ft #s * # l^if «■ * <ft m ft ft It ft (s,)* « • * 

-ft ft ife J£ *fc (3J. 12) JL £ j£ 3L & #B & tb it ft (I-Rx > Q- 
Rx) • Hn m tt J. H- (13 > 14)*J ^ & f- & It -ft ft # ^ 

A JL ^ it & it ft (x,(n) - x Q (n)) » i£it43L'f#ft^^lf& 

^OFDM^iW H(15)*» & g£ # At 1 7 - 18) • tfc # 

« it (A(k))# f ftW^*J* ft flr ft (Ri)* *J * ft 
#i£*4L*f-*&tt;8 - ti S'J ft ft -ft «; (R,)^i It ^ • JL # ^ 
4- # « #B *h ^ ** ft ft « ^ « ^ (Af c ) • 3£ & g& # if ^ # 
(17- 1 8)flL & & B£ it (A(k)) 6<I^ilit{i^L-^ll ft M ^ tin ft 

it it (A. IJk )^ ^ * #j ft ft ft- ^ (r,)* tpiiti m ft ft it 
ft (R.j - R k )^i & ' m * ^ & it it(x I>k )A ** #- =# « * * 

*h ^ ** ft ft « * 4l tfc 4* # (Af c ) #j - #■ jl & it - ©jib • I/Q « 

it A ^ tfj ik m £. « # * * 5t * J 5 - 16 IS ft # ill # 4f ° 
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A receiver for an orthogonal frequency division multiplex radio signal in which 
a carrier frequency is modulated by sub-carrier signals (Si) coded with data. 

nalogue signal processing means (3 to 12) produces base-band analogue 
signals (l-Rx, Q-Rx) in phase quadrature^ and (analogue-to-digital converters (13, 
14) convert the analogue signals to phase quadrature digital signals (xi(n), Xo(n)). 
The digital signal processor includes^the OFDM demodulator (15) and mismatch 
compensation (17, 18) for combining 1 f^ach of the reproduced sub-carrier signals 
(Ri) according to a mismatch coefficient (A(k)))with?another of the reproduced sub- 
carrier signals (R-i) whose sub-carrier frequency is symmetrical therewith and 
compensating for offset (Af c ) of the reference frequency relative to the carrier 
frequency. The mismatch compensation (17, 18) combines each of the reproduced 
sub-carrier signals (R|) with a limited number of the reproduced sub-carrier signals 
(R_i, R k ) according to respective values of the mismatch coefficient (A(k)) and 
according to a respective frequency offset coefficient (A|, k ) that is a function of an 
estimated value of the offset (Af c ) of the reference frequency relative to the carrier 
frequency. The mismatch of the l/Q channel components is compensated over a 
much wider range of offset frequencies as a result. 



83682 



-5- 



200400710 



£/ft*.H a : ^ (5) a o 




83682 



-6- 



200400710 



I m M ^ jt m. M & 1 

(orthogonal frequency division multiplex ; OFDM)# if ° 

& ^ t ' r & ^ it j ^^r^^^^ttt^tl ' A? * 

& A & M&'tlt ffi, ° 

[ £ ifr a #r 1 

OFDMIf- t 6 ^ i€ 1 ffl • * j& ffl la #'1 & #t ^ 1JI # 
(Digital Video Broadcast; DVB)> M. #• * ifi J& t$ (Digital Audio 
Broadcast; DAB)^ ^ ,f t i f # i $ ' *» IEEE 802.11a- 
ETSI/BRAN/Hiperlan2^o ARIB/MMAC/HiS WAN • 

OFDMf # If /#- *t If ( r #- ff j ) & & - ^ frb -ft %H & 3g 
£p ^ - M M (radio frequency ! RF) it 3^^ — tt^-ff^i^S 
(digital signal processing; DSP)^^ • ^ ^ ^ f4 ^ #1 *t 
iiIC» & j& 3r ft > RF if #J ^7 & A $f OFDM -ft ffe #1 RF #B 
^(^aIEEE802.1 1at W 5 GHz)#^AI* - M. A >k i% & m It 
ffe 6<J ISJ (I)*a _DE. 5t (Q)il ^ • 4l • & DSP JP- 7G A S A & *t 

4b 6$ 1^ Qjt Sit o % ft £. & & m & A Iklfr QM. &it$L • 

% - * & m m a *t i/Qi ± ' * # ^ * ^ jf«j ^ ° -ssl 

It^I/Qli t ' RF-ff ^ A 4& t « (intermediate 

frequency ; IF)-ft ffe (#-J ' IEEE802.1 la t # 20 MHz) - 
i£ & — J?L — *It5.*t#.#^S (Analogue to Digital 
Converter : ADC)i *fc ftj $f #■ J& ( in IEEE802.1 la t 40 
MHz VX _L)Jpl&. • ' & DSPJp. 7t^S^^-*t^>fb 
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it Sfe ' ft^TG&itte'fbJ.itl^ Qit $t > m %L M % it *f 

jfct-t & ^ - i® ^ ^ j& & ^ . ^ jl if T DSP 

&3 ?t #• '14 0 rfrj JL ' ^ I/Q # if & #f -ft J^m. & it ffe #J 

-fgj ^ |£ 15 ^ # 'IS. ^ ^ S& > ^ # •$ m it Sfc 3& ^ 

^ — * & m tb I/Q J. £ o m 14, # ^IEEE802.1 1a 

*fc^6$4fc#&J£*J ' 200 1^6/3 20 9 t 

if 6^ * I*] # # it ;>| 4- M t it * N°EP 0140163 1. 5 t ' 

k 2 a # n ^ m &l m ft * tfitm, • 

Bl 1 2 m ^ ' HR I/Q #|tlT^-|-i^T#l 
& ' * jft rf 5fe # & t $i it 3fc 0 is 4: ' it ^ # ii •& T 
$P RF it ^ i ft T # & J. * ^ - 

m ifrim-fcw^&n & — m tt i/q#- n- m. n. 1 ^ — # 

t^I^2 - -&««!Hs^*t»I£&lrt ' ** RF it t^l'f 
it 3t & & 3 ifi at ' ,^t>|-^*^t^S4tit^ ' # If & 
^-^^I5i^#-RFft^^fii^T#^lti ' ft RF 
it ^ lij *>SIS*l^it»6-&*.Afe.JL4L ' JL ^ it it ^ H 7 it 

>& ° 4i ^ ' it if it m & & i® m m u s 9 1 * - *t m & *i «. 

it H 1 0 #r J. ± 6^ 1% im SL & Hi iSL & ' vx Ml 3l & * I ^ Q it Sfe » 
_L idL 1% iHI jE- 3£ & IF$? }a IS] ' #8 £ 4, 90/£. 0 it 1** Qit 
Sfe ^ #1 fcte it at & & 1 1 1 2 i& & 0 & «. ' ^ #J * #1 5. it 
^#^1113^14^^^^^ ' 4*0FDMIF^1II15^^ ° it 
^ — ADC - fit 5. ^ it ^ I/Q# 4fc H ig, — ^ 4i - 6<j if 
' * 4fc it <i I/Q J. ^ 60 ^ ifc H J® it . ^,^T€^®#^ 
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St & -ft" ffe # £l OI 4* . 

Qit ft 5S- # ^ M ^ # ftj Jo f EE i£ ° I/Qff ffe # & Jfc it 3 # 

mik$L& ' *t m. & nz n & i& Qit §t m- a t jl m «. t& tg # 
^ *t a ^ # -i± # #t j: * > gp ^ & n. if $. m t $$■ Mr + 

,J> <o &yxnmj7&1&iffcffi%M%7t<Pr ° & # & * ^ # 

^ ' JPJ ^ g£ ty *Sff ° 

& & w ^ >y it %tm & - iflj ^ Q<t ««; & a ^ w & * & 

til^f i^^^rf #^TS p°a W -ft fit & * 

r #- ft & i 

£ JL & & t -ft $L & ifc H • 

41 200 1 6 /§ 20 B t *fr 6<j * |SJ # $- R jfl 4- #i t Sfr * 
N°EP 01401631. 5t£ 93 $- f 1 & ^ *b I/QJ. ± ^ OFDMf # H j£ 
# If ^I^-Q^ a «£ *t flt # - ft 7T •}£ • H 1 if* 2(*l £ 

4 f 1 * |SJ # # gfc ^ |tJ t tf * ) £ - A t I/Q BS & & #J 
OFDM^ # H $ j^^^iltSt # m tt it %t(& t IFM & ¥] 
& ffi- t ) • 

«S- ' JI'J -L i*. ^. m # # R »H l-^'J ttt t^t ^ ^ * T 
*8 if OFDMt *tS + 4(iI/Q^la • is. A ' # ^ 6d 16k ft 
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S% & ' m it W & M W #L ir ik T Pfc ( ?P & i& ik tl #■ -Tf- % ) • 

s 3 #f & & m *l a ft t fa iH it m & * US *b I/QI ± 

i± ft OFDM# ifc. ft ' ^ iifl ^- ^. 5 If o~ It .if. J $f # # ^ ' 
_L i& IEEE 802.1 1a > ETSI/BRAN/Hiperlan2 *p 
ARIB/MMAC/HiS WANf ^ • & $- ^ ^ ^ f * #.J t ' 

1t %i A W- (digital signal processor; DSP)#p ^ ^ # ;j$ if • 
^ # -ft ft ^ T it St # ' is. $ -f- ^ if fa DSP 6$ ?i # <fc£ • 

im # * ^ * J£ ^ T A & jf It & i& D& - * « ^ © # w 
-ft ft ° 

m 3 J>> ffl 1 ffi ^ 64 £ *b I/Q#- it ^ £ 3S g «. #J >sr 4& H ' Is] 

^ 3 ADC 13^14^i®|fci3Lit$t x,(n) x Q (n) # 4f S'J 
DSP - ^.#1T«feTidtj^^ : 

* A ^ *t OFDM $ ft - ft > & ifc ft # JM- » )«. * £ 
Jt #J A tt ( m t *. II ^ ) *P J. A. * Hf j& it ft • £ # 4t *■ # 

4*. it «; ' is it # # it; - ^ # m m & %l H M. t «a * 
* & ¥j i& & • tt^il^ Qit 5t it ADSPt ' 

« # >fe s# & & - m. « # ^ it € 1 6 ^ « m it • 

OFDM ^ It 15 & 'tfe it # A * # ^ (Fourier 
transform ; FFT) - ^H#^it!£#^;k$ti£itf£ • ii & & #f 
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# M m ft >jk. ° 

- I/Q & m m AT 3" 4& 1 7 # P£ s<j ft it ^ M 6$ £ -g- > £. ^ 

* Q^g it m *t faft^mtftkmrnAi- » * * * if $t n * 

i& it $ & if ^ Hft frb J. *t # ^ H #r J. £ • Txf Afc 
*fc 93 ft I/Q ^ g£ ffi if 7T ' 

18 • 

* ' ^ - 5S- 1 9 1 ' 4£ & # if ¥t I'J ft t # if # ° 
^ OFDM# 4fc H ¥j & ft t ' 3£ #L IF# 4fc f'J & & a # ^ 

* ♦ ^ % t- n «■ # w # « * • ' 

& ^ #^*r#l&^£-g- vx St 4-^¥r& At & % 7j « 

>£.B#4$t ' - OFDMlt St A K-fB i 3£ & % ^ ^ ' *P ft it «fc 

l-lif ^^I'Jt^it^ • -4 *J ftafe6(j*«^jfe^dr^L^BI 

*S k #fft*. ' *tk=[-K/2,-l + l,+K/2]« 

ft OFDMi ft _L # & J. t «o ft # * f c «L # • 4l • 4- 

«'J ft & #■ * #■ f c +kf s /N#- M ' *tN^ OFDM £ 

# «tfc it # iL ^ # 4£ (inverse fast Fourier transform I IFFT)#J 
JL -f ' f s * * «. « 0 # # H * 4jL Ji 6$ it 3& * VX T ^. -ft * : 



V 2 



^ * 1 



^#|4Ji#^^iT^t)t^*^# ' I'J -S. # *|4c H t ft T 

# & J. & ^ ' S'J ft ifc # tt^I^DCf i • ^ K 4 
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T ^ fiif > & # M H # 4fc If- ^ ffl # ^ ti flfc *f ^ 4H # 
Af c » H'J I'J Af c ° 

^^^1 l/QA it ft # H M ft t ' se ^ ^ 

IK Jfc ^ ^ % 4- ° 48. G k ^ I*a & 6<j m j$ j£ . a k fr 6 k 
^ #J A 4& it & >£. it A/D# & It # & !kmfr ft 4sl B£ ' H'J 

'e mi a *i * km #• # s *t ° if mn &t m slm- m m. & 



4 L #J#.+i£.S£afp;te42.&S£0 0 0 jtb ' # H A/D. 



3e 



it! 6d Ifu Qit *T***T 



x 7 (/z) = Re 



A -C 

N 0 Js 



2 a+axi+^y 



V 2 



(n) = Im 



(kJ k 

^£ Q.-a)(l-a k )e 

\ 2 



J 



afr a k &j $L ^ >h *M » S flij ' M & *J £ k » 7* a k ^ H £ 4© 
3fc ti ' & (j) k ^ $l 4£ 4H *3 4a & ' JL a k =a + ct k > <j> k =9 + 9 k ° 

H'J & i& H A/D# & H & £ I if* Q#. « E T : 



fHr 

*/(») = Re X (l + a k )e^G k S k e 
\ 2 



N c Js 



xg(/i) = Im J] {l-a k )e(-J*^G k S k e 
V 2 



0'2jr— ) K2K^-n + <p 0 ) 
(rJ+k)n.<!.* Ng fs 



* t ' n=-E...-l,0,l...N-l » E^5tJte^4tW*:Jft ' (p 0 ^ * - 
40 & *B 4£ 4fc # • 
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K 



. 0 nJc 



x (n) = x I (n) + j.x Q (n)= £ ^ k G k S k C n + J k G. k S. k C n } " 



2 



a y* 

4 = cos(^ ) - j.a k sin(^ ) , J k = a A . cos(& ) + y.sin(^ ) & C n = e f * 

-j(2x-^r-n+<P\) 

fib ft M m it & *fc * 3& ' * e ^ 3fc « #f # 4fc #J & 
ib ' * t n=0,l...N-l ° 

m n € & ft ^ # i $ # & £ # m m *■ _l n - m&^tf 
m M fe^m t %F & w • 



*=-£ " 

2 



* ^5 



sm 



— 2- 



J >7 



sm ?r 2 ' 



v 



s J) 



f ^511^ , #f 4fc j,j #j & *j & i*.R,^ #f#* S'J jfc & S,^. 
it *fc 1^ ^ if it ii G,# ^ Jl £ -g- (£■ *jf )4i ' & * ^ j& ^ #f 

# I'J jfe » 

a ^^^cp,^ e,^ > ^ ft ^ ^ * «t A ^ ° ^ jl • e, 
h# mm^fik ® n m # si # # a s>j & k # - ^ # - 
m ^^n*^t i'j $ & #j m > * KpeO) ° ^rtf ' 

# ^ I/Q* ^ #f > a^L^BfM.^^^^Bf ' ^ 5# 2fc T = 
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2 



2 # & 7 

# m & n * it t & n t ' + wi/q^k** 

T ^ *6 -ff - 

ft & ^ ^ 7 > J£ i£ #*■ A J I ^0 tb ' £ -g- *f 4£ # # * - m #L 

#T ft it 3fe t & * ^ * * ?P t & M it • *L & ' M i§r SL 

ft it Z, T f - 3, * ^ : 

2 J 2 

Z l = R l ~ Yj \k ~7~ R -k = R l ~ Z h,k A k R -k 

2 " 2 ^ 8 

zt Sl= 7^ 9- £9 

*tR^ff# 4fc #J it 4fe ' S x #*0f#*-#'fr«; • *» f- ^ 

9m » *h z,* & *b # -Kpe^- « iiG,& ' *r m «■ # 

I'JttS,' £ #5 *t IC-^I/Q^ S£ # -ft ^ * 17^ #J t *&■ 18 
3r «fc 4ft -m ^ *I S£ a k ^ (|) k ^ ,J> *M - I k t #J # — J I ?P 

& < ' jl <i J k /i k ^r ffi 4b ^ t • 

=>A k =^ = a k + y.tan(fe) 

& # it # It fit Z! »T * *f *. T : 



83682 



-14- 



200400710 



k= 



K 



Z,=R, 



K 



A 10 



# T & # & Sfc £! ^ # (Af c «0) 8f > # ^ k ^ I - it 

m. x l k % & i , nijf & & ' «r us ^ ^ 8 > m # # -t 

i& * l»l # # lit *fl 4 M t # N°EP 0 1 40 1 63 1 . 5 #f *fc 93 ft & ijfc 
If *B IS] #J flt : 

Zk =Rk -W +j-*Mff>k)W-k ^ a 1 1 

?! ^ J I A k il f| 4b a k ^ tan((() k )^ I/Q£_ g£ # *t > ft & 

it jg. t if # ; ^ # # & je a # - « t M- n b h - & it #j 

' #f *t ^S'Jti^Tt # I/Q 

S& 46 it ° 



Pit * 



A # |x| if ^ B# & it |sin(7cN.x)/sin(7tx)| ife it T 



k-l_ 2 Af c 



N 



fs 



it ft if ' i& i& T flfc • *H # J«t- & ffi 

^ B# > ^ |£ # ^ |^ ° ' £ & # ffr ifc T ' (Hiperlan 

2 1 64 1 ) -H- in & # in m m *t ^ • 

*»H5WT*^«f* ' 4fe * fife. « * & ft it & it @ k t It # 



«t 4£ #f 4fc 4- 3>] m t * 



# X Ik * itj it ( Jl £ 6) ' * n M ft 



Jl i& ^ f& I'J >& * 



N 



'J- ^ #f iS 
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w - ft & it • n . ^- it # # ^ it 

m if SE it Tlfc Z,£ A ■ 

Z, = +y.tan^))R. t N -jf-2-f 

k ' J * 



N 



<2 



< ft A it ^^12 



^ je m % m ^ *}■ t & i/q ^ # -ft # 4- m a & kit # ^ 

m i% *t a k ^> tan((t> k ) • & it € #L ' ft *f it & 4f - * ^ ^ JE 
a # ' JL JE t * # # # it #, ^ff ' « & it SL t ^ ^ HI # 
^ fa ° & RF 1ft v% & & Z_ #1 ^ & g& ift ^ ^ £t <£ *T # 

& m je ^ * ° « t ^ ^ # & sl 7T & & & in m # # @t 

#H -#-*J t ft J|N 0 EP 0140163 1. 5 t W t£ ^ ^ ^ M 4* ° 

ffl 6 ^ #1 1£ T %L JE I ^ Q $$. & tfj OFDM Uttt tSL 

^ 5. £K # & If (digital-to-analogue converters ; 

DAC)20^21 « if # JU Q#*Ht t^if DSP# 

^ ^ m it Y$o Qit ' # # H g it & # # H it it ^ H 22 

^ 23 > m & & m i&i&i%> q&m m tti* %t • ^ ^ it & ^ if >a 

iH8>9'- Jfl ^ ^ # M Xi it Sfc ^ * # # ^ ^ t « • ^ *t 
^ # ^ ^ %L SE ^ t ' ^ * ^ DSP>t £ tfj ^ ^ ?'J it f£ S tl 
^S t2 ' *H & I^QJ£iE.5M£24 > 25^25'(BI 6tW fa m ^ ) 

# it » ^ ^ & & m ^ it t w ^ it it ^ a ' it it m m m 

SI - S2^ S3> S4> S5^S6^ji ° ^ # 4t H DAC 20^21HIF 
;l^§8>9'Egat ' JPJ ^ ^ ^ ^ « ^ *t H • ^ 4: ' 
*» ^ 'fri 6^ * |S] # # R ?>H 4 *J t # * N°EP 0 1 40 1 63 1 . 5 /*/f it *A 

* ' ft^^^it-^^I^iE.^m(®t^^^)' M M '\± £L & 
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IFSS, H 8'^ 9' #<j $ # g& • 

% - % n it %t s tl m &m * A *i ft &(k=-ij. -k:2)#j ^ -g- # 
*t - s tl a & 5. ^ - fla ft & # ^ *j b# j$ if & • £■ Bt T # # a 



- <a at ^ & * > & t & ofdmih ^ ?i it m m m ft # m ^ & 



D k =B ke ^ rfa ^ # ' #f ^ ^ ^ Bfe # ^ $f #l ^ (f c + k f s /N) # £>J 
a ik ° & - J M & ik ft # & #<J t ' S tl eL ^ — — OFDMf 
Sfe ' * ^K/2# ^ /ft ^D,5J D K/2 # to « ' 

K/2# #f * k ' B k =l ' P k =0 ' IS i?6 D k =l - 

# ^ it $3 # *P ^ HI # I^o Q/& ^ . *t «■ ^ It * 

it # #i ifij -t ' #f ^ # ¥j I** q& m & p m # *t & m & 

*h J& ^ I'J ft &k*» -k§<j FFT#T it; R k fr R k . « JSL f'J ft /^L -k 6<j £ 



-g" # it a k #n tan(<J> k ) 
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•it m t > vt & it i ¥j & m ft hl * 0 r& a * & 2 m m ft # -f- 

fit ' HiM W & ' t£f t ;&^^^|f^^#J.£#s<Jft>&iL 
^ mit 0 a AC^f^ft^^^t^^^tt ' & T # 1 

i & ^ # ^ # #j ft & *s *t k, k 2 - 

H ^ *w flfj f ' *fr - if *t If 27 6(j if £ ' & - it # t 26 
# it I 6<j 11 it OFDM ^ £ FFT € S§- 1 7 #J it I ' k x fr k 2 

m ft&it* ° grflt iH t ' #L0L A.,. kl *» ^ 1)k2 (#- 

JL^^6)e,^^1t#it^#^^itI^^#^^^t:^*28 
t ' ^i^-^^>&S^-Hfi#.it#o ^titA(k) = J k /I k = a k +jtan(<j) k ) 

Sfr^g itltt ^FFT#] ft d* - £ - 3M£ H30 t ' lT^ I)kl 

• € ^-32^ 33 t * *fcR kl *»R k2 tt * ijjMI.it ' 
3H * H 34^n 35 t ^ #J 3pL « 3pL H 30^ 3 1 6$ #r ifc it ° - # 
t 5* 3 6 t ' ftLR^^- i% ?iit *fk R kl ^ R k2 > VA$m- m. ffi if 

#<ia^^;^il^^it^^^it^:^*^m • -fa & > 

± #J #. >\k - *t 4ft * ffc (*7 FFT 15)* ' IL&&ft ft T 

*P *[ it 4* I/Ql ± 6$ ft #L * * # o 

If # afl _L i& * ft & n #J I/Q & £& *6 -ft 3& * ' 

— Hiperlan 2MHi. $L M 4- (packet error rate; 

PER)tM > «;£i*Sttft&#*4&#i&fflJfc310 kHz^.+3 10 
kHz- tb ETSIjft^ t(^tf tI^t»ltiBft4ir 9 U 40 PPM - 
*T & ^ 5 GHz« it t # ^ ^- +/-200 kHz-fll # ) - 
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m 8 m t & 1 2( ^ ^ <t ^ ^ i ) #f « m ^ i/q & s& m it 

>'£ # ^itlU ° A it *r & 4ft ' tfc n it #1 ^ £ * I/Q £l 

s& # -ft «j ^ & ^. ^ * ^ & 1 1 #f i£ w *L m % & m m m 

>1? # ^ ^ i£ 1 1 #f 1£ ^ # J. £ is] ^ % -ft # # & 
4- ' ft per A fa ft & i/Q ^ m m it Bf <Kj 7 jc -f- - 

-fS^ . + kHz) • H'J & 1 2 #f 

« m 3l m % & #j it ft «■ *■ ic *t « f- a 1 1 « a/i # >t # & 

•& * # ° ^ jffi #- ^ ig 70 kHz ' I'J *T * it; > & & 4r & I/Q 

& be, *g At ^ & & it > s*. 1 1 #r « *n ^ m + ft fa 

ft #- M & t - it A m Jk ' M M it 7T & ft - n m *J * 
« if £ «t #1 #f *t + ' ^ £ -g- 

r i a g i g gg i 

WU^i - OFDM# *&If<MM£#if^;ti| ° 

l & ifc H ^ ^t^*.«*JjRift.*S«^^^^«l;ll| • 
•It ^ T ' ffl 1 # j& H 4l m ft t ^ I/Q S£ * -fr ° 
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1 . - ft j£ SL ^ jfi £ jl & & € i t ft * 4fc s • ^t-ti«^f. 
H & M f- * 4ft ft »j $ ifc -ft ft (S,)*! £ > & * 4fc H & & : 
UK ifc -ft it; ^ s & # (3 J. 1 2) > ^ ^ #f # 4£ i# - 4t $Ht ft 
^I^-f ^i^lft^t^ ' £.& ±ft&JL3imibft ft 
(I-Rx > Q-Rx) • *«*A«f*"«l^5fe^«^^ « it ft 4i 
« J: tfl & *t ! HH *I # 4fe % # #■ ( 1 3 - 14)' ffi ^ jfr 
tf itbtt#^^^^itt ii it ft (x,(n) > x Q (n)) ; vX 

%.$k&it ft jt js *t ' * & * m. ** * *j jR st if ft w m m 

£ ^ ( 1 5) ; & m m if # # ( 1 7 - 18)' /fl tfMEL & - & B£ -ft 

it (A(k))# if f till at it ft (Rj) t w 4- it ft * ** * * 
*L *I jfe & it ft (R.,) t *] * & # * &. 3. ^ mtf)%-1t$t sfa ^ 
' i6.^^r«#.4f-****h^««*. « * 4* # (Af c ) ; 

« A # ^ 4* # ( 1 9) » ^jM^^ff f ^jfj t ^ it ft ft 

tr # «. 4> ' it # if # # ( 1 7 - 1 8)i& g£ ^ « ft ft « & g£ i£ 

f f tl'Jf tif t (R r ) t 6^ 4- it ft jfc i® I* ^ f[ %. m M 
& it ft (R.j - R k )ft#^ - nm^tibftfo *t(A. Pk )A 

# (Af c ) #<j - # a>j ii 4i & *t ° 

2. t if # #1 3£ IS 35 1 J I *t H ' * t M #it^it (17 ^ 18) 
# S&I«ltff|f]| it ft (R,) t <ft 4- it ft it * ^ FR. 

m-m^^m. m ft a it ft (r., - R k )*=i & ^ - 

3 . ^ t 4 *tf 4a SI # 1 * 2*jf 4i * ifc H > t # if *ft # ( 1 7 > 
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1 8)# SGltt^tf f tl'Jt^tt (R T ) tW^^^t*- 
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#J ^ ^ *t 
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fs 



it >v ^ - & ft it ^ m f- * n 

f£ (R., > R k )^S # ^ • ^tN^ffl ^ OFDMiH ft tf] 

a ' ij& ^ m it & *j ^ ft (R T )^ ^ tt • k a ^ ^ # 

S'J & ft (R k ) 6<| *t ' Af c 4 t I- # I ^ ^1 f ^ M 
i&0 ' f s ^ JU ^ M OFDMi^j ft ft y?L ^ ^ • 

4 . ^ it i£ t it 4 #J la IS + -fit - ^ & At H > t it 
^ ^ 2 - 

5 . ^ ijt t ffr 4 ^'J la IS t 4£ - J I ^ & *t II ' £■ t M 
t£ * £L S'J * ft It & (Rj) t§Uf t^2A4{@t 

* $L i'J ft it tfc (R k )^B & • 

6. ^ idt t n #j i& is t -ft - ^ ^ & At n ' * 1 1£ 

# « ft (X I)k ) J. ^ 3& ^ M # 



ill ^ ft it 
s'l $c ft ft 

flr # * -8- 
* & * + 

& -?Mi J. 

f& ft it it 
m ¥j M 



3 1 

''* 2V 



* fs) 
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sin 
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(k-l 4f c Y) 


U /JJ 


sin 
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2 4f c Y| 


. N fs)) 



t # ^ ^ OFDMi^I f ^jl'Jtita > U t« -ft #J g'J 
* ft. (R x )4l ft ' kAffl*#flf4<F*-t *J * ft (R k )4i ^ ft ' 

Af c & m ^ ^ m ^ & m ^ & m ^ & i& & » ^ f s a ^ ^ 

^ OFDMi^I ft #j # ^ #. o 

7. i& t t-fr 4 #J la S t ^ - J I ^ At H ' * t « « -flt * # 

(17 > 18)&^r : i^^^( 3 2> 33)' ft j£ £. i& & it & i® 

f ti'il ft -ft « (R k ) « - * * * *t ( jf . k ) ; « a. #l & # ^ 
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(3 0> 3 1 > 34^ 3 5)' m & vX - ft it it $L VX & fa it & HU. k ) ' 

ft -ft -fJL a n m « # # it (x IMc ) # - & it • 

8. ^ it t ffr 4 M $L m * 4£ - J I ^ # *t H - itlilli « 

@& i a ^ & se, it it ( A(k)> 2Li&n it it (A, I>k ) - a 
it ° 

9. *»f itttfr^'f'JiBll t^-^t#*tS ' * t M ^ §& # it 
(A(k))# KIAI^ #d ^ ^a k +j tan(<j) k ) ' * a k 4fc -IS £ 

g& > (|) k A *a & sa - — *^*«^*>bji m. m ft «. 4& - 

#J it afc -ft ffe S k ^ ft j£ 5c. it (I-Rx - Q-Rx) • 
1 0. -to n i& t *fr 4 *J la SI t i£ - J I #- *t If ' *tt#f # 

^(17 > 1 8) » m&i%frmm$-i%&it&(KO 

#J m & if % it ' * *H3l k# ^ IS] . &#fi£4|#<fc*t£.« 

ft ffikikM* afc * #■ 4l tfc # (Af c ) &j ^ ffl it M. — 
& it Bfl <fe > ** fit # # # it -T ffl ^ it # « * fl5 & ^ * 4i 
- ' * * ^ 46 # (Af c ) 6<j - ft if it ZL Ifr k ¥j m tik & (Af c ) J. 
it Jffl it ' 

1 1 . - ft & & it ifc t tt 4 #'J l£ SI t 4£ - J f 4i - & 4fc H ill 
^J.i-i^^^^Ji^.^.t^t^^-^^ll^itiK.^. 

n ' jl et & & *t n #t & ^ * m *j *i afc -ft * (R,)* 
f f ti'Jtiif t (R k ) h# <ft & m it it (A(k» t m -i^Lrtit 
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